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ProFEssor ALEXANDER AGAssiz’s address, de- 
livered in Saunders’ Theatre, Cambridge, which we 
print in full on another page, must be considered 
one of the most important events of the great Bos- 
ton meeting. 

In his position as Vice-President of the Biological 
Section nothing could be more appropriate than 
the expression of his views upon the direction 
which modern biological research is taking. Ani- 
mated by his own experience and convictions, his 
address was a deliberate and able attack upon the 
prevailing tendency towards too rapid generaliza- 
tion—a tendency which has been increasing during 
the last fifteen years, and is clearly the outgrowth 
of the intense desire of modern biologists to break 
down each and every barrier which obstructs our 
view in the history of development. Natural and 
laudable as is the desire to leave no stone unturned 
in our knowledge of the relationships of the differ- 
ent branches of the animal kingdom, it can only 
result in the obstruction of future investigators if it 
is not kept strictly within the limits of the truth. 
Phylogenetic inquiries add greatly to the zest of 
study, but should not be carried so far as to ham- 
per or obscure the real end in view, which is, of 
course, truth and precision of statement, with the 
line sharply defined between what is actually seen 
and that which it is inferred ought to be seen. 

Prof. Agassiz based his conclusions upon his 
comprehensive study of the sea-urchin, Stating 
as a premise the now well-known fact that in their 
embyological development the modern forms repeat 
the stages through which their ancestors passed in 


a number of modern and fossil forms, giving an 
outline of his recent study. The results have been 
in all cases in positive confirmation of the above 
premise, and show the very close affiliation of the 
oldest and most recent forms, in general characters. 
But while the sea-urchins, with a comparatively 





| 
| 
| 
| 


small number of existing species, and with a com- 
paratively complete fossil record, offer a tempting 
field for speculation, Prof. Agassiz denied his right 
to group the genera into anything like a complete 
genealogical tree. - ** If,” he concluded, *“* when we 
take one of the most limited groups of the animal 
kingdom, we find ourselves engaged in a hopeless 
task, what must be the prospect should we attack 
the problem of other classes or groups of the ani- 
mal kingdom, where the species run into thousands, 


while they number only tens in the case we have 
attempted to carry out? Shall we say ‘ ignora- 
bimus’ or ‘impavidi progrediamus,’ and valiantly 
chase a phantom we can never hope to seize?” 

It was hardly to be expected that such an attack 
as this would pass unnoticed, and in fact, one of 
the features of the meetings of the Biological Sec- 
tion was a debate growing out of it, which took 
place on the following day. Prof. Cope had been 
reading an able paper upon the succession of the 
extinct Felidz, pointing to the modifications of the 
teeth as a basis for forming a complete genetic 
series. At the close of his paper he called Prof. 
Agassiz’s attention to the fact that here, in the cat 
family, was an instance leading in quite an oppo- 
site direction to that which Prof. Agassiz had 
assumed in his address the day before. An inter- 
esting discussion followed. Prof. Agassiz said he 
did not object to the grouping of genera into lines 
of descent where the structural characters were 
sufficiently homologous, but he did object to regard- 
ing such affinity as justifying the introduction of 
hypothetical links into other parts of the chain, 
and he did not see that the modifications of a single 
character, the teeth, warranted the phylogenetic 
conclusions which Prof. Cope had just reached. 
Prof. Burt Wilder added that, in his own study upon 
the pectoral muscles of the dog and other animals, 
he had found the fallacy of hasty generalization 
for genetic inferences, drawn from the muscles 
alone, would widely differ from the facts of actual 
relationship. Prof. Cope replied that in such 
questions all must admit that different values should 
be assigned to different parts of the animal frame, 
and among the hard parts, of course, he ranked, 
first, the limbs, then, he said, came the teeth. In 
justification of his arrangement of the extinct cats 
into two lines of descent from a common ancestor, 
he said that the complication of the brains confirm- 
ed the history told by the teeth. Prof. Agassiz em- 
phatically repeated his statement of the day before 
and the discussion closed. We hope this address 
will be widely circulated and read; if received in 
the spirit in which Prof. Agassiz intended it, its 
effect will be admirable. The reaction from the 


eS. 4 _ | theory of special creation is running strongly in 
fossil history, he carefully traced the parallelism in | 


every quarter, and in a day when we find ingenious 
speculations advanced even in small memoirs, 
every one must admit the necessity of a more con- 
servative spirit. There is no danger of going into 
the old and opposite extreme, nor does Prof. Agas- 
siz’s address encourage the return movement. It is 
a re-statement of the old piece of advice—do not 
attempt to run before you are sure you can walk, 
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ADDRESS BY ALEXANDER AGASSIZ, 
PALEONTOLOGICAL AND EMBRYOLOGICAL DEVELOP- 
MENT. 


Since the publication of the ‘‘ Poissons Fossiles” by | 
» ’ Y | between the genera of successive formations, an effort to 


Agassiz and of the ‘‘Embryologie des Salmonidées” by 
Vogt, the similarity, traced by the former between certain 
Stages in the growth of young fishes and the fossil represen- 
tatives of extinct members of the group, has also been ob- 
served in nearly every class of the animal kingdom, and 
the fact has become a most convenient axiom in the study 
of paleontological and embryological development. This 
parallelism, which has been on the one side a strong argu- 
ment in favor of design in the plan of creation, is now, with 


slight emendations, doing duty on the other as a newly dis- 
covered article of faith in the new biology. 

But while in a general way we accept the truth of the 
proposition that there is a remarkable parallelism between 
the embryonic development of a group and its paleontolog- 
ical history, yet no one has attempted to demonstrate this, 
or rather to show how far the parallelism extends. We 
have up to the present time been satisfied with tracing the 
general coincidence, or with striking individual cases. 

The resemblance between the pupa stage of some Insects 
and of adult Crustacea, the earlier existence of the latter, 
and the subsequent appearance of the former in paleonto- 
logical history, furnished one of the first and most natural 
illustrations of this parallelism; while theoretically the 
necessary development of the higher tracheate insects from 
their early branchiate aquatic ancestors seemed to form 
an additional link in the chain, and point to the Worms, 
the representatives of the larval condition of Insects, as a 
still earlier embryonic stage of the Articulates. 

Indeed, there is not a single group of the animal kingdom 
in which embryology has not played a most important part 
in demonstrating affinities little suspected before. The 
development of our frogs, our salamanders, has given us 


| 





in guiding us to a correct reading of the relations between 
the fossils of successive formations. There is scarcely an 
embryological monograph now published dealing with any 
of the later stages of growth which does not speak of their 
resemblance to some type of the group long ago extinct. 
It has therefore been most natural to combine with the 
attempts constantly made to establish the genetic sequence 


establish also a correspondence between their paleontolog- 
ical sequence and that of the embryonic stages of develop- 
ment of the same, thus extending the mere similarity first 
observed between certain stages to a far broader generali- 
zation, 

It would carry me too far to sketch out, except in a most 
general way, even for a single class, the agreement known 
to exist in certain groups between their embryonic devel- 
opment and their paleontological history. It is hinted at 
in the succession of animal life of any period we may take 
up, and perhaps cannot be better expressed than by com- 
paring the fauna of any period as a whole with that of fol- 
lowing epochs—a zoélogical system of the Jura, for in- 
stance, compared with one made up for the Cretaceous ; 
next, one for the Tertiary, compared with the fauna of the 
present day. In no case could we find any class of the 
animal kingdom bearing the same definitions or character- 
ized in the same manner. But apply to this comparison 
the data obtained from the embryological development of 
our present fauna, and what a flood of light is thrown upon 
the meaning of the succession of these apparently discon- 
nected animal kingdoms, belonging to different geological 
periods, especially in connection with the study of the few 
ancient types which have survived to the present day from 
the earliest times in the history of our earth ! 

Although there is hardly a class of the animal kingdom 
in which some most interesting parallelism could not be 
drawn, and while the material for an examination of this 
parallelism is partially available for the Fishes, Mollusks, 
Crustacea, Corals, and Crinoids, yet for the illustration and 
critical examination of this parallelism I have been led to 
choose to-day a very limited group, that of Sea-urchins, 


' both on account of the nature of the material and of my 


the key to much that was unexplained in the history of | 


Reptiles and Batrachians. The little that has been done in 


the embryology of Birds has revolutionized our ideas of a | 


class which at the beginning of the century seemed to be 
the most naturally circumscribed of all. Embryology and 
paleontology combined have led to the recognition of a 
natural classification uniting Birds and Reptiles on the one 
side and Batrachians and Fishes on the other. It is to em- 
bryology that we owe the explanation of the affinities of the 
old Fishes in which Agassiz first recognized the similarity 
to the embryo of Fishes now living, and by its aid we may 
hope to understand the relationship of the oldest represen- 
tatives of the class. It has given us the only explanation 
of the early appearance of the Cartilaginous Fishes, and of 
the probable formation of the earliest vertebrate limb from 
the lateral embryonic fold, still to be traced in the young of 
the Osseous Fishes of to-day. 

Embryology has helped us to ..nderstand the changes 
aquatic animals must gradually undergo in order to become 
capable of living upon dry land. It has given us pictures 
of swimming-bladders existing as rudimentary lungs in 
Fishes with a branchial system ; in Batrachians it has shown 


us the persistence of a branchial system side by side with | 


a veritable lung. We find among the earliest terrestrial 
Vertebrates, types having manifest affinities with the Fishes 
on one side and Batrachians on the other, and we call these 
types Reptiles; but we should nevertheless do so with a 
reservation, looking to embryology for the true meaning of 
these half-fledged Reptiles, which lived at the period of 
transition between an aquatic and terrestrial life, and must 
therefore always retain an unusual importance in the study 
of the development of animal life. 


When we come to the embryology of the marine Inver- | 
' have carried their investigations into the more extended 


tebrates, the history of the development of the barnacles is 


too familiar to be dwelt upon, and I need only allude to the | 
well-known transformations of the Echinoderms, of the | 


Acalephs, Polyps, in fact of every single class of Inverte- 
brates, and perhaps in none more than in the Brachiopods, to 
show how far-reaching has been the influence of embryology 





own familiarity with their development and with the living 
and extinct species of Echini. The number of living 
species is not very great—less than three hundred—and the 
number of fossil species thus far known is not, according 
to Zittel, more than about two thousand. It is therefore 
possible for a specialist to know of his own knowledge the 
greater part of the species of the group. It has been my 
good fortune to examine all but a few of the species now 
known to exist, and the collections to which I have had 
access contain representatives of the majority of the fossil 
species. Sea-urchins are found in the oldest fossiliferous 
rocks; they have continued to exist without interruption in 
all the strata up to the present time. While it is true that 
our knowledge of the Sea-urchins occurring before the 
Jurassic period is not very satisfactory, it is yet complete 
enough for the purposes of the present essay, as it will 
enable me, starting from the Jurassic period, to call your 
attention to the paleontological history of the group, and to 
compare the succession of its members with the embryo- 
logical development of the types now living in our seas. 
Ample material for making this comparison is fortunately 
at hand; it is material of a peculiar kind, not easily ob- 
tained, and which thus far has not greatly attracted the at- 
tention of zodlogists. 

Interesting and important as are the earliest stages of 
embryonic development in the different classes of the ani- 
mal kingdom, as bearing upon the history of the first ap- 
pearance of any organ and its subsequent modifications, 
they ihrow but little light on the subject before us. What 
we need for our comparisons are the various stages of 
growth through which the young Sea-urchins of different 
families pass from the time they have practically become 
Sea-urchins until they have attained the stage which we 
now dignify with the name of species. Few embryologists 


field of the changes the embryo undergoes when it begins 
to be recognized as belonging to a special class, and when 
the knowledge of the specialist is absolutely needed to 
trace the bearing of the changes undergone, and to under- 
stand their full meaning. Fortunately the growth of the 
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young Echini has been traced in a sufficient number of 
tamilies to enable me to draw the parallelism between these 
various stages of growth and the paleontological stages in 
a very different manner from what is possible in other 
groups of the animal kingdom, where we are overwhelmed 
with the number of species, as in the Insects or Mollusks, 
or where the paleontological or the embryological terms of 
comparison are wanting or very imperfect. 

Beginning with the paleontological history of the regular 
Sea-urchins of the time of the Trias, when they constituted 
an unimportant group as compared with the Crenoids, we 
find the Echini of that time limited to representatives of 
two families. One of these, the genus Cidaris, has con- 





tinued to exist, with slight modifications, up to the present | 


time, and not less than one-tenth of all the known species 
of fossil Echini belong to this important genus, which in 
our tropical seas is still a prominent one. It is interesting 
here to note that in the Cidaride the modifications of the 
test are not striking, and the fossil genera appearing in the 
successive formations are distinguished by characters which 
often leave us in doubt as to the genus to which many 
species should be referred. In the genus Rhabdocidaris, 
which appears in the lower Jura, and which is mainly char- 
acterized by the extraordinary development of the radioles, 
we find the extreme of the variations of the spines in this 
family. From that time to the present day, the most strik- 
ing differences have existed in the shape of the spines, not 
only of closely allied genera, but even in specimens of the 
same species ; differences which in some of the species of 
to day are as great as in older geological periods. The 
oldest Cidaridz are remarkable for their narrow poriferous 
zones. It is only in the Jura that they widen somewhat ; 
subsequently the pores become conjugated, and only later, 
during the Cretaceous period, do we find the first traces of 
any ornamentation of the test (Temnocidaris) so marked at 
the present day in the genus Goniocidaris. As far, then, 
as the Cidaride are concerned, the modifications which 
take place from their earliest appearance are restricted to 


slight changes in the poriferous zone and in the ornamen- | 


tation of the test, accompanied with great variability in the 
shape of the primary radioles. We must except from this 
statement the genera Diplocidaris and Tetracidaris, to 
which I shall refer again. The representatives of the other 
Triassic family become extinct in the lower tertiaries. The 
oldest genus, Hemicidaris, undoubtedly represents the 
earliest deviations from the true Cidaris type; modifica- 
tions which affect not only the poriferous zone, but the test, 
the actinal and the abactinal systems, while from the extent 
of these minor changes we can trace out the gradual devel- 
opment of some of the characteristics in families of the reg- 
ular Echini now living. The genus Hemicidaris may be 
considered as a Cidaris in which the poriferous zone is 
narrow and undulating, in which the granules of the ambu- 
lacral system have become minute tubercles in the upper 
portion of the zone and small primary tubercles in its actinal 
region, in which many of the interambulacral granules be- 
come small secondaries, in which the plates of the actinal 
system have become reduced in number, and the apical 


system has become a narrow ring, and finally in which the | 


primary radioles no longer assume the fantastic shapes so 
common among the Cidaridz. 


We can trace in this genus the origin of the modifications | 


of the poriferous zone, leading us, on the one side, through 
genera with merely undulating lines of pores to more or 


less distinct corfluent arcs of pores, formed round the | 


primary ambulacral tubercles, and, on the other, to the 
formation of open arcs of three or more pairs of pores. 
The first type culminates at the present day with the Arba- 
ciadz, the other with the Diadematidz, Triplechinidz, and 
Echinometrade. This specialization very early takes place, 


| ridis, 


for already in the lower Jura Stomechinus has assumed the | 


principal characteristics of the Triplechinide of to-day. 
Although in Hemicidaris the number of the coronal 
plates has increased as compared with the Cidaridex, and 


while we find that in many genera, even of those of the | 


present day, the number of the coronal plates is still com- 
paratively small, yet, as a general rule, the more recent 
formations contain genera in which the increase in number 
of the interambulacral plates is accompauied by a corre- 
sponding decrease in the number of plates of the interam- 
bulacral area so characteristic thus far of the Cidaridx and 


Hemicidaride, a change also affecting the size of the pri- 
mary ambulacral tubercles. This increase in the number 
of the coronal plates is likewise accompanied by the devel- 
opment of irregular secondary and miliary tubercles, and 
the disappearance in this group of the granular tubercula- 
tion, so important a character in the Cidaridz. With the 
increase in the number of the interambulacral coronal 
plates, the Psew’dodiadematidz still retain prominent pri- 
mary tubercles, recalling the earlier Hemicidaride and Cida- 
ridz, and, as in the Cidaride proper, the test is frequently 
ornamented by deep pits or by ridges formed by the junc- 
tion of adjoining tubercles. The genital ring becomes 
narrower, and the tendency to the specialization of one of 
its plates, the madreporite, more and more marked. 

With the appearance of Stomechinus, the Echinide 
proper already assume in the Jura the open arcs of pores, 
the large number of coronal interambulacral plates, the 
specialization of the secondary tubercles, and the large 
number of primary tubercles in each plate. With the ap- 
pearance of Sphzrechinus in the early Tertiary come in all 
the elements for the greater multiplication of the pairs of 
pores in the arcs of the poriferous zones, while the gigantic 
primary spines of some of the genera (Heterocentrotus), 
and the small number of primary tubercles are structural 
features which had completely disappeared in the group 
preceding the Echinometradz, to which they appear most 
closely allied. 

Going back again to the Hemicidaride, it requires but 
slight changes to pass from them to Acrosalenia and to the 
Saleniz proper; the latter have continued to the present 
day, and have, like the Cidaride, retained almost un- 
changed the characters of the genera which preceded them, 
combined, however, with a few Cidaridian and Echinid fea- 
tures which date back to the Triassic period. Wecan thus 
trace the modifications which have taken place in the pori- 
ferous zone, the apical and actinal systems, the coronal 
plates, the ambulacral and interambulacral tubercles, as 
well as in the radioles, and in the most direct manner pos- 
sible indicate the origin of the peculiar combination of 
structural features which we find at any geological horizon. 
On taking in succession the modifications undergone by 
the different parts of the test, we can trace each one singty, 
without the endless complication of combinations which 
any attempt to trace the whole of any special generic combi- 
nation would imply. 

Leaving out of the question for the moment the Palechi- 
nide, we find no difficulty in tracing the history of the char- 
acters of the genera of the regular Echini which have 
existed from the time of the Trias and are now living, pro- 
vided we take up each character independently. Nothing 
can be more direct than the gradual modification of the 
simple, barely undulating poriferous zone, made up of 
numerous ambulacral plates covered by granules, such as 
we find it among the Cidaride of Trias, first into the 
slightly undulating poriferous zone of the Hemicidaride, 
next into the indistinct arcs of pores of the Pseudodiade- 
matidz, then into the arcs with a limited number of pores 
of the Triplechinidz, and finally to the polyporous arcs of 
the Echinometrade. What can be more direct than the 
gradual modification to be traced in the development of the 
primary ambulacral tubercles, such as are characteristic of 
the Echinid of the present day, from their first appearance 
at the oral extremity of the ambulacral system of the He- 
micidaridz, and the increase in the number of primary in- 
terambulacral tubercles, accompanied by the growth of 
secondaries and miliaries, which we can trace in Hemicida- 
Acrosalenia, and Stomechinus,—the increase in 
number of primary and secondary tubercles being accom- 
panied bya reduction in the size of the radioles and a 
greater uniformity in their size and shape ? 

But while these modifications take place, the original 
structural feature may be retained in an allied group. Thus 
the Cidaridz retain unchanged from the earliest time to the 
present day the few primary tubercles, the secondary gran- 
ules, the simple poriferous zone, the imbricating actinal 
system, and the few coronal plates, with the large apical 
system and many-shaped radioles; while in the Salenidz 
the primary internambulacral tubercles, the secondary 
granules, the radioles, the genital ring, are recognized fea- 
tures of the Cidaridz, associated, however, with an Echinid 


' actinal and anal system, Hemicidarid primary ambulacral 








manne 








144 





tubercles, and an Echinid poriferous zone. In the same 
way in the Diadematidz, the large primary internambulac- 
ral tubercles are Cidaridian features, while the structure of 
the ambulacral tubercles is Hemicidaridian. The existence 
of two kinds of spines is another Cidaridian feature, 
while the apical and actinal systems have become modi- 
fied in the same direction as that of the Echinida. The 
more recent the genus, the greater is the difficulty of 
tracing in a direct manner the origin of any one structural 
feature, owing to the difficulty of disassociating structural 
elements characteristic of genera which may be derived 
from totally different sources. ‘This is particularly the case 
with genera having a great geological age. Manv of them, 
especially among the Spatangoids, show affinities with gen- 
era following them in time, to be explained at present only 
on the supposition that, when a structural feature has once 
made its appearance, it may reappear subsequently, appa- 
rently as a new creation, while in reality it is only its pecu- 
liar combination with structural features with which it had 
not before been associated (a new genus), which conceals 
in that instance the fact of its previous existence. A care- 
ful analysis, not only of the genera of the order, but some- 
times of other orders which have preceded this combination 
in time, may often reveal the elements from which have 
been produced apparently unintelligible modifications. 

There is, however, not one of the simple structural fea- 
tures in the few types of the Triassic and Liassic Echini 
from which we can so easily trace the origin of the structural 
features of all the subsequent Echinid genera, which is not 
also itself continued to the present day in some generic 
type of the present epoch, fully as well characterized as it 
was at the beginning. In fact, the very existence to-day of 
these early structural features seem to beas positive a proof 
of the unbroken systematic affinity between the Echini of 
our seas and those of the Trias, as the uninterrupted exist- 
ence of the genus Pygaster or Cidaris from the Trias down 
to the present epoch, or of the connection of meny of the 
genera of the Chalk with those of our epoch (Salenia, 
Cyphosoma, Psammechinus, etc.). 

Passing to the Clypeastrida, we find there as among the 
Desmosticha that the earliest type, Pygaster, has existed 
from the Trias to the present time ; and that, while we can 
readily reconstruct, on embryoiogical grounds, the modifi- 
cations the earliest Desmosticha-like Echini should under- 
go in order to assume the structural features of Pygaster, 
yet the early periods in which the precursors of the Echino- 
conide and Clypeastridz are found have thus far not pro- 
duced the genera in which these modifications actually 
take place. But, starting from Pygaster, we naturally pass 
to Holectypus, to Discoidea, to Conoclypus, on the one 
side, while on the other, from Hokectypusto Echinocyamus, 
Sismondia, Fibularia, and Mortonia, we have the natural 
sequence of the characters of the existing Echinanthide, 
Laganidz, and Scutellide, the greater number of which are 
characteristic of the present epoch. If we were to take in 
turn the changes undergone in the arrangement of the plates 
of the test, as we pass from Pygaster to Holectypus, to 
Echinocyamus, and Echinanthide, we should have in the 
genera which follow each other in the paleontological 
record an unbroken series showing exactly what these 
modifications have been. In the same way, the modifica. 
tions of the abactinal and anal systems, and those of the 
poriferous zone, can equally well be followed to Echino- 
cyamus, and thence to the Clypeastride ; while a similar 
sequence in th: modifioations of these structural features 
can be followed from Mortonia to the Scutellidz of the 
present period. 


! 





Adopting for the Petalosticha the same method cf trac- 
ing the modifications of single structural features in their 
paleontological succession, we trace the comparatively 
little modified paleontological history of the Echinoneide 
of the present day from the Pyrina of the lower Jura. This, 
in its turn, has been preceded by Hyboclypus and Galero- 
pygus, while the Echinolampadz ot the present day date 
back, with but trifling modifications, to the Echinobrissus 
of the Lias, itself preceded py Clypeus ; and they have 
been subject only to slight generic changes since that time, 
Echinobrissus being still extant, while such closely allied 
genera as Catopygus and Cassidulus of the earlier Creta- 
ceous are still represented at the present day; the modifi- 
cations taking place in the actinal system, in the ambulacal 
zones of the Echinoconide and of the Echinolampade 
showing the closest possible systematic affinity in these 
families. Starting again from Hyboclypus, with its elongate 
apical system, we naturally pass to Collyrites and the 
strange Dysasteridze forms which, in their turn, are closely 
allied to the Holasterida. ¢ From Holaster on the one side, 
and from Toxaster on the other, we find an unbroken 
sequence of structural characters uniting the successive 
genera of Holasteridz, suchas Cardiaster, Offaster, Stenonia, 
Ananchytes, and Asterostoma, with Paleopneustes, Homo- 
lampas and the Pourtalesiz of the present day, while from 
the genera of the Toxasteride we naturally pass to the 
cretaceous Hemiaster; in the genus and the subsequent 
Micraster we find all the elements necessary for the modi- 
fications which appear in the Spantangine from the time of 
the Chalk to the present day. Tiese modifications result 
in genera in which we trace the development of the fascioles, 
of the actinal, anal, and abactinal plastrons, of the beak, 
the formation of the petaloid ambulacra, first flush with the 
test, and little by little changed into marsupial pouches, 
the growth of the anterior groove and the manifold modifi- 
cations of the ambulacral system in Spatangus Agassizia, 
and Echinocardium, often recalling in some of its features 
structural characters of families which have preceded this 
in time. 

Apparently in striking contrast with the Echini of the 
secondary period and those which have succeeded them 
stand the Paleozic Echini ; but when we have examined the 
embryology of Echini, we shall be better prepared to under- 
stand their structure and the affinities of the Palzechinide 
with the Echini of the present day and their immediate pre- 
decessors. 

Taking up now the embryological development of the 
several families which will form the basis of our compari- 
sons, beginning with the Cidaride, we find that in the 
earliest stages they very soon assume the characters of the 
adult, the changes being limited to the development of the 
abactinal system, the increase in number of the coronal 


| plates, and the modifications of the proportionally gigantic 


primary radioles. 

In the Diadematide the changes undergone by the young 
are limited to the gradual transformation of the embryonic 
spines into those which characterize the family, to the 
changes of the vertical row of pores in the ambulacral 
area into arcs of three or four pairs of pores, and to the 
specialization of the actinal and abactinal systems. 

In the Arbaciadz the young stages are remarkable for the 
prominent sculplure of the test, for the flattened spines, for 
their simple poriferous zone, for their actinal system, and for 
their genital ring. The anal plates appear before the geni- 
tal ring. 

In the Echinometradz the young thus far observed are 


| characterized by the small number of their primary tuber- 


Passing finally to the Petalosticha, we find no difficulty | 
in tracing theoretically the modifications which our early | 


Echinoconidz of the Lias should primarily undergo previous 
to the appearance of Galeropygus. ‘The similarity of the 
early Cassiduloid and Echinoneoid types points to the 
same systematic affinity, and perhaps even to a direct and 
not very distant relationship with the Palechinide. For if 
we analize the Echinothurie ofthe present day, we find in 
genera like Phormosoma many structural features, such as 
the shape of thetest the character of the spines, the structure 
of the apical system, that of the poriferous zone, indicative 
of possible modifications in the direction of Pygaster or of 
Galeropygus, which have as yet not been taken into 
account. 


| 


cles, the large size of the spines, the simple vertical row of 
pores, the closing of the anal ring by a single plate, and the 
turban-shaped outline of the test. Little by little, the test 
loses with increasing age this Cidaris-like character ; it re- 


| minds us, from the increase in the number of its plates, 


more of Hemicidaris ; then, with their still greater increase, 
of the Pseudodiadematidz; and, finally, of the Echinome- 
trade proper. The spines, following far7 passu the changes 
of the test, lose little by little their fantastic embryonic, or 
rather Cidaris-like appearance, and become more solid and 


| shorter, till they finally assume the delicately fluted structure 


characteristic of the Echinometradz, The vertical porife- 
rous zone is first changed into a series of connected verti- 
cal arcs, which become disjointed, and form, with increas- 








ad\ 


car 
sha 
wh 
nal 
tior 
ot t 
pla 
of | 
the 
les: 
knc 
pla 
of 1 

L 
der 
vou 
pla 
por 
ple 
inf 
ass 
dev 
of | 
pro 
cro 
The 
inn 
you 
ris-l 
we 
it to 
cert 
of t 
plac 
Wh: 
cyal 
east 
ora 
met 
zont 
size 

W 
we f 
adu 
stag 
fero 
sing 
elliy 
rele 
earl 
soo! 
they 
men 
accc 
and 

A 
con 
op 
ing 
the 
spe 
exa 
not 
Th 















ced 
roci| 







and 






mu 
and 











trac- 
their 
atively 
bneide 

This, 
alero- 
iy date 
orissus 
y have 
t time, 
allied 
Creta- 
nodifi- 
yulacal 
n pad 

these 
ongate 
id the 
losely 
e side, 
yroken 
‘essive 
nonia, 
tomo- 
e from 
o the 
>quent 
modi- 
ime of 
result 
cioles, 
beak, 
ith the 
uches, 
nodifi- 
ssizia, 
atures 
d this 


of the 

them 
ed the 
inder- 
\inidze 
e pre- 


of the 
npari- 
n the 
of the 
of the 
ronal 
gantic 


young 
ryonic 
o the 
acral 
o the 


or the 
es, for 
nd for 
geni- 


d are 
tuber- 
‘ow of 
nd the 
e test 
it re- 
plates, 
rease, 
10me- 
anges 
ic, or 
d and 
icture 
orife- 
verti- 
creas: 





AI IAA 


SCIENCE. 


145 





ing age, the independent arcs of pores, composed of three 
or more pair of pores, of the Echinometrade. 

Inthe Echinide proper we findin the young stages the 
same unbroken vertical line of pores, which gradually be- 
comes changed to the characteristic generictypes. We find, 
as in the Echinometradz, an anai system closed with a single 
plate, and an abactinal system separating in somewhat more 
advanced stages from the coronal plates of the test. 
as yet made up of a comparatively small number of plates, 
carrying but few large primary tubercles, with fantastically 
sha; ed spines entirely out of proportion to the test, but 
which, little by little, with the increase of the number of coro- 


This is | 


nal plates, the addition of primary tubercles, and their propor- | 


tional decrease in size, assume more and more the structure 
of the genus to which the young belongs. The original anal 
plate is gradually lost sight of from the increase in number 
of the plates covering the anal system, and it is only among 
the Temnopleuride that this anal plate remains more or 
less prominent inthe adult. In the Salinide, of which we 
know as yet nothing of the development, this embryonic 
plate remains permanently a prominent structural feature 
of the apical system.! 

Among the Clypeastroids the changes of form they un- 
dergo during growth are most instructive. We have in the 
voung Fibularinz an ovoid test, a small number of coronal 
plates surmounted by few and large primary tubercles, sup- 
porting proportionally equally large primary radioles, sim- 
ple rectilinear poriferous zones, no petaloid ambulacra,— 
in fact, scarcely one of the features we are accustomed to 
associate with the Clypeastroids is as yet prominently 
developed. But rapidly, with increasing size, the number 
of primary tubercles increases, the spines lose their dis- 
proportionate size, the pores of the abactinal region become 
crowded and elongate, and a rudimentary petal is formed. 
The test becomes more flattened, the coronal plates increase 
in number, and it would be impossible to recognize in the 
young Echinocyamus, for instance, the adult of the Cida- 
ris-like or Echinometra-like stages of the Sea-urchin, had 
we not traced them step by step. Most interesting, also, is 
it to follow the migrations of the anal system, which, to a 
certain extent, may be said to retain the embryonic features 
of the earlier stages of all Echinoderm embryos, in being 
placed in more or less close proximity to the actinostome. 
What has taken place in the growth of the young Echino- 
cyamus is practically repeated for all the families of Clyp- 
eastroids: a young Echinarachnius, or Mellita, or Encope, 
ora Clypeaster proper, resembles at first more an Echino- 
metra than a Clypeastroid ; they all have simple poriferous 
zones and spines and tubercles out of all proportion to the 
size of the test.’ 

When we come to the development of the Spatangoids, 
we find their younger stages also differing greatly from the 
adult. Among the Nucleolide, for instance, the young 
stages have as yet no petals, but only simple rectilinear pori- 
ferous zones. They are elliptical with a high test, with a 
single large primary tubercle for each plate, and a simple 
elliptical actinostome, without any trace of the typical bour- 
relets and phyllodes so characteristic of this family. Very 


early, however, this condition of things is changed, the test | 


soon becomes more flattened, the petals begin to form as 
they do in the Clypeastroids, and we can soon tiace the rudi- 
ments of the peculiar bourrelets characteristic of the family, 
accompanied by a rapid increase in the number of tubercles 
and in that of the coronal plates. 

Among the Spatangide some are remarkable in their adult 
condition for their labiate actinostome, for the great devel- 
opment of the petals, for the presence of fascioles surround- 
ing certain definite areas, for the small size of the tubercles, 
the general uniformity in the spines of the test, and the 
specialization of their anterior and posterior regions. On 
examining the young stages of this group of Spatangoids, 
not one of these structural features is as yet developed. 
The actinostome is simple, the poriferous zone has the same 


1 The young of the following genera have served as a basis for the pre- 
ceding analysis of the embryonic stages of the Desmosticha: Cidaris, Do- 
rocidaris, Goniocidaris, Arbacia, peceiaesth, Stoner nettee, Echino- 
metra, Echinus, Tcxopneustes, Hipponoé, Temnopleurus, Temnechinus, 
and Trigonocidaris. 

2 Among the Clypeastroids I have examined the young of Echinocya- 
mus, Fibularia, Mellita, Laganum, Echinarachnius, Encope, Clypeaster, 
and Echinanthus. 


simple structure from the actinostome to the apex, the 
primary tubercles are large, few in number, surrounded by 
spines which would more readily pass as the spines of Cida- 
ridz than of Spatangoids. The fascioles are either very in- 
distinctly indicated, or else the special lines have not as yet 
made their appearance; the ambulacral suckers of the an- 
terior zone are as large and prominent as those of the young 
stages of any of the regular Echini. Itis only little by little, 
with advancing age, that we begin to see signs of the spec- 
ialization of the anterior and posterior parts of the test, that 
we find the characteristic anal or lateral fascioles making 
their appearance, only with increasing size that the spines 
lose their Cidaris-like appearance, that the petals begin to 
be formed, and that the simple actinostome develops a 
prominent posterior lip. In the genus Hemiaster, the 
young stages are especially interesting, as long before the 
appearance of the petals, while the poriferous zone is still 
simple, the total separation of the bivium and of the trivium 
of the ambulacral system, so characteristic of the earliest 
Spatangoids (the Dysasteridz), is very apparent.® 

From this rapid sketch of the changes of growth in the 
principal families of the recent Echini we can now indicate 
the transformations of a more general character through 
which the groups as a whole pass. 

In the first place, while still in the Pluteus all the young 
Echini are remarkable for the small number of coronal 
plates, and for the absence of any separation between the 
actinal and abactinal systems and the test proper. They all 
further agree in the large size of the primary spines of the 
test, whether it be the young of a Cidaris, an Arbacia, an 
Echinus, a Clypeaster, or a Spatangoid. They all in their 
youngest stages have simple vertical ambulacral zones ; be- 
yond this, we find as changes characteristic of some of the 
Desmosticha, the specialization of the actinal system from 
the coronal plates, the formation of an anal system, the rapid 
increase in the number of the coronal plates, with a corres- 
ponding increase in the number of the spines and a propor- 
tional reduction of their size, the formation of an abactinal 
ring, and the change of the simple vertical poriferous zone 
into one composed of independent arcs. 

In the Spatangoids and Clypeastroids we find common to 
both groups the shifting of the anal system to its definite 
place, the modifications of the abactinal part of the simple 
ambulacral system in order to become petaloid, and the 
gradual change of the elliptical ovoid test of the young to 


| the characteristic generic test, accompanied by the rapid in- 


crease in the number of the primary tubercles and spines. 
Finally limited to the Spatangoids are the changes they un- 
dergo in the transformation of the simple actinostome toa 


| labiate one, the specialization of the anterior and posterior 
| parts of the test, and the definite formation ot the fascioles. 


Comparing this embryonic development with the paleon- 
tological one, we find a remarkable similarity in both, and 
in a general way there seems to be a parallelism in the ap- 
pearance of the fossil genera and the successive stages of 
the development of the Echini as we have traced it. 

We find that the earlier regular Echini all have more or 
less a Cidaris-like look,—that is, they are Echini with few 
coronal plates ; large primary tubercules, with radioles of a 
corresponding size; that it is only somewhat later that the 
Diademopsidz make their appearance, which, in their turn, 
correspond within certain limits to the modifications we 
have traced in the growth of the young Diadematide and 
Arbaciade. The separation of the actinal system from 
the coronal plates has been effected. The poriferous zone 
has either become undulating, or forms somewhat indefi- 
nite open arcs; we find in all the genera of this group a 
larger number of coronal plates, more numerous primaries, 
the granules of the Cidaride replaced by secondaries and 
miliaries, and traces of a Hemicidaris-like stage in the size 
of the actinal ambulacral tubercules. 

Comparing in the same way the paleontological develop- 
ment of the Echinide proper, we find that, on the whole, 
they agree well with the changes of growth we can still 
follow to-day in their representatives, and that, as we ap- 
proach nearer the present epoch, the fossil genera more 
and more assume the structual features which we find de- 





3 For this sketch of the embryology of the Petalosticha I have examined 
the young of Echinol E » Echin ium, Brissopsis, Agas- 


sizia, Spatangus, Brissus, and Hemiaster. 
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veloped last among the Echinide of the present day. Very 
much in the same manner as a young Echinus develops, 
they lose, little by little, first their Cidaridian affinities, 
which become more and more indefinite, next their Didem- 
atidian affinities, if I may so call the young stages to which 
they are most closely allied, and, finally, with the increase 
in the number of the coronal plates, the great numerical 
development of the primary tubercles and spines, and that 


of the secondaries and miliaries which we can trace in the | 


fossil Echini of the Tertiaries, we pass insensibly into the 
generic types characteristic of the present day. 

Although we know nothing of the embryology of the 
Salenidz, yet, like the Cidaride, they have in a great meas- 
ure remained a persistent type, the modifications of the 
group being all in the same direction as those noticed in 
the other Desmosticha ; a greater number of coronal plates ; 
the development of secondaries and miliaries combined 





with a specialization of the actinal system not found in the | 


Cidaridz. 

An examination of the succession of the Echinoconide 
shows but little modification from the earliest types; the 
changes, however, are similiar to those undergone by the 
Clypeastroids and Petalosticha, though they do not extend 


to modifications of the poriferous zone, but are mainly | 


changes in the actinostome and in the tuberculation. In 
fact, the group of Echinoconidz seems to hold somewhat 
the same relation to the Clypeastroids which the Salenide 
hold to the Cidaridz, and the earliest genus of the group 
(Pygaster) has remained, like Cidaris, a persistent type to 
the present day. 

The earliest Clypeastroids are all forms which resemble 
the Fibularina and the genera following Echinocyamus and 
Fibularia; they are mainly characterized by the same 
changes which an Echinarachnius or a Mellita, for instance, 
undergoes as it passes from its Echinocyamus stage to the 
Laganum or Encope stage. The comparison is somewhat 
more complicated when we come to the Spatangoids. The 
comparison of the succession of genera in tne different 
families, as traced in the Desmosticha and Clypeastroids, 
is made difficult from the persistency of the types preceding 
the Echinoneide and the Ananchytidz, which have re- 
mained without important modifications from the time of 
the lower Cretaceous ; previous to that time the modifica- 





tions of the Cassidulide are found to agree with the | 


changes which have been observed in the growth of Echin- 
olampas. 


The early genera, like Pygurus, have many of | 


the characteristics of the test of the young Echinolampas. | 
The development of prominent bourrelets and of the flos- | 
celle and petals goes on side by side with that of genera in | 
which the modification of the actinostome, of the test, and | 


of the petals is far less rapid, one group retaining the 
Echironeus features, the other culminating in the Echino- 
lampas of the present day, and having likewise a persistent 
type, Echinobrissus, which has remained with its main 


structural features unchanged from the Jura to the present | 
day. That is, we find genera of the Cassidulidz which | 


recall the early Echinoneus stage of Echinolampas, next 
the Caratomus stage, after which the floscelle, bourrelets, 
and petals of the group become more prominent features 
of the succeeding genera. Accompanying the persistent 
type Echinobrissus, genera appear in which either the 
bourrelets or petals have undergone modifications more 
extensive than those of the same parts in the genera of the 
Echinoneus or Caratomus type. 

The earliest Spatangoids belong to the Dysasteride, ap- 
parently an aberrant group, but which, from the history of 


the young Hemiaster,we now know to beastrictly embryonic | 


type, which, while it thus has affinities with the true Spat- 
angoids, still retains features of the Cassidulide in the 
mode of development of the actinostome and of the petals, 


as well as of the anal system. The genera following this | 


group, Holaster and Toxaster, can be well compared, the 
one tothe young stages of Spatangus proper before the ap- 
pearance of the petals, when the ambulacra are flush with the 
test, and when its test is more or less ovoid, the other to a 
somewhat more advanced stage, when the petals have 
made their appearance as semi-petals. In both cases the 
actinostome has the simple structure characteristic of all 
the young Spatangoids. The changes we notice in the gen- 
era which follow them lead in the one case through very 
slight modifications of the abactinal system, of the anterior 


and posterior extremities of the test, to the Ananchytid- 
like Spatangoids of the present day, the Pourtalesiz, the 
genus Holaster itself persisting till well into the middle of 
the Tertiary period ; while on the other side we readily re- 
cognize in the Spatanginz which follow Toxaster (a per- 
sistent type which has continued as Palzostoma to the 
present day) the genera which correspond to the young 
stages of such Spatangoids as Spatangus and Brissopsis 
of the present day, genera which, on the one hand, lead from 
Hemiaster (itself still represented in the present epoch), 
through stages such as Cyclaster, Peripneustes, Brissus, 
and Schizaster, and, on the other, through Micraster and 
the like, to the Spatangoids, in which the development of 
the anal plastron and fasciole performs an important part, 
while in the former group the development of the peripe- 
talus fasciole and of the lateral fasciole can be followed. 
None of the genera of Petalosticha belonging to the other 
groups devolop any fasciole in the sense of cirumscribing 
a limited area of the test. 

The comparison of the genera of Echini which have ap- 
peared since the Lias with the young stages of growth of 
the principal families of Echini, shows a most striking co- 
incidence amounting almost to identity between the suc- 
cessive fossil genera and the various stages of growth. 
This identity can, however, not be traced exactly in the 
way in which it has usually been understood, while there 
undoubtedly exists in the genera which have appeared one 
after the other a gradual increase in certain families in the 
number of forms, and a constant approach in each succeed- 
ing formation, in the structure of the genera, to those of the 
present day. It is only in the accordance between some 
special points of structure of these genera and the young 
stages of the Echini of the present day that we can trace an 
agreement which, as we go further back in time, becomes 
more and more limited. We are either compelled to seek 
for the origin of many structural features in types of which 
we have no record, or else we must attempt to find them 
existing potentially in groups where we had as yet not suc- 
ceeded in tracing them. The parallelism we have traced 
does not extend to the structure as a whole. What we find 
is the appearance among the fossil genera of certain struc- 
tural features giving to the particular stages we are com- 
paring their characteristicaspect. Thus, in the succession 
of the fossil genera, when a structural feature has once 
made its appearance, it may either remain as a persistent 
structure, or it may become gradually modified in the suc- 
ceeding genera of the same family, or it may appear 
in another family, associated with other more marked 
structural features which completely overshadow it. 
Take, for instance, among the Demosticha, the modifi- 
cations of the poriferous zone of the actinal and ab- 
actinal systems of the coronal plates, of the ambulachral 
and interambulachral systems, the changes in the relative 
proportion of the primary-tubercles, and the development 
of the secondaries. These are all structural features which 
are modified independently one of the other; we may find 
simultaneous development of these features in parallel 
lines, but a very different degree of development of any 
special feature in separate families. 

This is as plainly shown in the embryological as in the 
paleontological development. Inthe Cidaridz there is the 
minimum of specialization in these structural features. In 
the Diademopsidz there is a greater range in the diversity 
of the structure of the poriferous zone and of the coronal 
plates, as well as of the actinal system. There is a still 
greater range among the Echinide, while among the Sal- 
enidz the modifications, as compared to those of the 
Echinidz and Diademopsidz, are somewhat limited again, 
being restricted as far as relates to the poriferous zone and 
coronal plates, but specialized as far as the actinal system 
is concerned, and specially important with reference to the 
structure of the apical system. The special lines in which 
these modifications take place produce, of course, all 
possible combinations, yet they give us the key to the 
sudden appearance, as it were, of structural features of which 
the relationship must be sought in very distantly related 
groups. It is to this specialty in the paleontological devel- 
opment that we must trace, for instance, the Cidarid affinities 
of the Saleniz, their papilla, the existence of few large 
primary interambulacral tubercles, the structure of their 
apical system, and their large genital plates ; while it is to 
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their affinities with the Hemicidaride that we must refer 
the presence of the few larger primary ambulacral tubercles 
at the base of the ambulacral area, and by their Diademop- 
sid and Echinidian affinities that we explain the indented 
imbricated actinal system with the presence of a few 
genuine miliaries, But ail the structural features which 
characterize the earliest types of the Desmosticha can in 
reality be traced, only in a somewhat rudimentary form, 
even in the Cidaridz. The slight undulation of the closely 
packed, nearly vertical poriferous zone is the forerunner of 
the poriferous zone first separated into vertical arcs and 
then into independent arcs. The limitation in the number 
of the rows of granules in the ambulacral zone, and their 
increase in size, is the first trace of the appearance of the 
somewhat larger primary ambulacral tubercles ofthe Hemi- 
cidaridz and Salenizw. The existence of the smooth cylin- 
drical spines of the abactinal region of the test naturally 
leads to similar spines covering the whole test ia the other 
families in the Desmosticha. The difference existing in 
the plates covering the actinal system from those of the 
coronal plates leads to the great distinction between the 
structure of the actinal system and of the coronal plates in 
some of the Echinidz. 

Passing to the Clypeastride and Petalosticha, we trace a 
parallelism of the same kind, and readily in the successive 
genera of fossil Clypeastroids, but often in widely separated 
genera, the precise modifications which the poriferous zone 








has undergone as it first becomes known to us in Echi- | 


nocyamus and Fibularia, and as we find it in the most com- 
plicated petaloid stage of the Clypeastroids of the present day. 
We readily trace the changes the test undergoes from its 
comparatively ovoid and swollen shape to assume first that 
of the less gibbous forms, next that of the Laganidze, and 
finally of the flat Scutellidz ; while we trace in the Echinan- 
thidze the persistent structural features of some of the ear- 
liest Clypeastroids, together with an excessive modification 
of the poriferous zone. Likewise for the Echinoconidz we 
trace mainly the slight modifications of the poriferous zone 
and of the coronal plates, and finally, when we come to the 


Spatangide we find no difficulty in tracing from the most | 


Desmostichoid of the Spatangeid genera, the modifications 
of a test in which the ambulacral and interambulacral areas 


are made up of plates of nearly uniform s'ze, in which the | 


anterior and posterior extremities are barely specialized, to 
the most typical of the Ananchytid, in which the anterior 


and posterior extremities have developed the most opposite | 


and extraordinary structural features. Ina similar way we 
can trace among the fossil genera of different families the 
gradual development of the actinal plastron from its very 
earliest appearance as a modification of the posterior inter- 
ambulacral area of the actinal side, or the growth of the 
posterior beak into an anal snout, the successive changes 
of the anal groove, the formation of the actinal labium, or 
the development of the bourrelets and phyllodes from a 
simple circular actinostome, the gradual deepening of the 
slight anterior groove of some early Spatangoid to form the 
deeply sunken actinal groove. Equally well we can trace 
the modifications of the ambulacral system as it passes 
from the simple poriferous zones of the earlier Spatangoids 
to genera in which the petaliferous portion makes its ap- 
pearance, and finally becomes the specialized structure of 
our recent Spatangoid genera, such as Schizaster, Moira, 
and the like. Finally we can trace, to acertain extent, the 
development of the fascioles on one side from genera like 
Hemiaster, in which the peripetaious fasciole is prominent, 
to genera like Brissopsis, Brissus, and the like, of the 
present day; on the other, perhaps, orin both combined, 
the formation of a lateral and anal fasciole from genera like 
Micraster in Spatangus and Agassizia. Thus we must, on 
the same theory of the independent modifications of special 
structural features, trace the many and complicated affinities 
which so constantly strike us in making comparative 
studies, and which render it impossible for us to express 
the manifold affinities we notice, without taking up separ- 
ately each special structure. Any attempt to take up a com- 
bination of characters, or a system of combinations, is sure 
to lead us to indefinite problems far beyond our power to 
grasp. 

In the oldest fossil Clypeastroids and Petalosticha, as 
well as in the Demosticha, we also find the potential ex- 


pression of the greater number of the modifications subse- | 
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quently carried out in genera of later date. The semipeta- 
loid structure of some of the earlier genera of Spatangoids, 
the slight modifications of some of the plates of the actinal 
side near the actinostome, are the precursors, the one of 
the highly complicated petaloid ambulacra of the recent 
Spantangoids, the other of the actinal plastron, leading as 
it does also to the important differences subsequently de- 
veloped in the anterior and posterior extremities of the 
test, as well as to the modifications which lead to the exist- 
ence of a highly labiate actinostome. The appearance of a 
few miliaries near the actinostome constitutes the first ru- 
dimentary bourrelets. 

Going back now to the Palechinide, the earliest repre- 
sentatives of the Echini in paleozoic times, without any 
attempt to trace the descent of any special type from them, 
we may perhaps find some clew to the probable modifica- 
tions of their principal structural features preparatory to 
their gradual disappearance. In the structure of the coro- 
nal plates, the specialization of the actinal and abactinal 
systems, the conditions of the ambulacral system, we must 
compare them to stages in the embryonic development of 
our recent Echini with which we find no analogues in the 
fossil Echini of the Lias and the subsequent formations. 
In order to make our parallelism, we must go back toa 
stage in the embryonic history of the young Echini in which 
the distinction to be made between the ambulacral and in- 
terambulacral systems is very indefinite, in which the apical 
system is, it is true, specialized, but in which the actinal 
system remains practically a part of the coronal system. 
But here the comparison ceases, and, although we can 
trace in the paleontological development of such types as 
Archzeocidaris or Bothriocidaris modifications which would 
lead us without great difficulty, on the one side to the Cida- 
ridz. and on the other to the Echinothuriz and Diadema- 
tidze of the present day, we cannot fail to see most definite 
indications in some of the structural features of the Palz- 
chinidz of characteristics which we have been accustomed 
to associate with higher groups. The minute tubercula- 
tion, for instance, of the Clypeastroids and Spantangoids, 
already existing in the Melonitide, the genital ring, and 
anal system, are quite as much Echinid as Cidarid. The 
polyporous genera of the group represent to a certain ex- 
tent the polypori of the regular Echini, and the lapping of 
the actinal plates of the Cidaridz and of the coronal plates 
in some of the Diadematidz, as well as the existence of 
such genera as Tetracidaris, of four interambulacral plates 
in Astropyga, and of a large number of ambulacral plates in 
some of the recent Echinometradz, all these are Palechinid 
characters which we can expiain on the theory of the inde- 
pendent development of the structural features of which 
they are modifications. We should, hewever, remember, 
that the existence of alarge number of coronal plates, espe- 
cially interambulacral plates, in the Palzchinidz, is a mere 
vegetative character, which they hold in common with all 
the Crinoids—a character which is reduced to a minimum 
among the Holothurians, and still persists in full force 
among the Pentacrini of the present day, as well as the 
Astrophytid and Echinide. 

It would lead me too far to institute the same comparison 
between the embryonic stages of the different orders of 
Echinoderms and their earliest fossil representatives. We 
may, however, in a very general way, state that we know 
the earliest embryonic stages of the orders of Echinoderms 
of to-day, which, with the exception of the Blastoidea and 
Cystideans, are identical with the fossil orders, and that as 
far as we know they all begin at a stage where it would be 
impossible to distinguish a Sea-urchin from a Star-fish, or 
an Ophiuran, or a Crinoid, or an Holothurian—a stage in 
which the test, calyx, abactinal and ambulacral systems are 
reduced to a minimum. From this identical origin there is 
developed at the present day, in a comparatively short 
period of time, cither a Star-fish, a Sea-urchin, or a Cri- 
noid ; and if we have been able successfully to compare, in 
the development of typical structures, the embryonic stages 
of the young Echini with their development in the fossil 
genera, we may fairly assume that the same process is ap- 
plicable when instituting the comparison within the differ- 
ent limits of the orders, but with the same restrictions. 
That is, if we wish to form some idea of the probable course 
of transformations which the earliest Echinoderms have 
undergone to lead us to those of the present day, we are 
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justified in seeking for our earliest representatives of the | 
orders such Echinoderms as resemble the early stages of 
our embryos, and in following, for them as for the Echini, 
the modifications of typical structures. These we shall 
have every reason to expect to find repeated in the fossils 
of later periods, and, going back a step further, we may 
perhaps get an indefinite glimpse of that first Echinodermal 
stage which should combine the structural] features common 
to all the earliest stages of our Echinoderm embryos. 

And yet, among the fossil Echinoderms of the oldest 
periods, we have not as yet discovered this earliest type 
from which we would derive either the Star-fishes, Ophiu- 
rans, Sea-urchins, or Holothurians. With the exception of 
the latter, which we can leave out of the question at present, 
we find all the orders of Echinoderms appearing at the same 
time. But while this is the case, one of the groups attained in 
these earliest days a prominence which it gradually loses with 
the corresponding development of the Star-fishes, Ophiurans, 
and Sea-urchins, it has steadily declined in importance; itisa 
type of Crinoids, the Cystideans which culminated during 
Paleozoic times, and completely disappeared long before 
the present day. If we compare the early types of Cysti- 
deans to the typical embryonic Echinodermal type of the 
present day, we find they have a general resemblance, and 
that the Cystideans and Blastoids represent among the fossil 
Echinoderms the nearest approach we have yet discovered 
to this imaginary prototype of Echinoderms. 

This may not seem a very satisfactory result to have at- 
tained. It certainly has been shown to be an impossibility 
to trace in the paleontological succession of the Echini any- 
thing like a sequence of genera. No direct filiation can be 
shown to exist, and yet the very existence of persistent 
types, not only among Echinoderms, but in every group of 
marine animals, genera which have continued to exist with- 
out interruption from the earliest epochs at which they occur 
to the present day, would prove conclusively that at any 
rate some groups among the marine animals of the present 
day are the direct descendants of those of the earliest geo- 
logical periods. When we come to types which have not 
continued as long, but yet which have extended through 
two or three great periods, we must likewise accord to their 
latest representatives a direct descent from the older. The 
very fact that the ocean basins date back to the earliest geo- 
logical periods, and have afforded to the marine animals the 
conditions most favorable to an unbroken continuity under 
slightly varying circumstances, probably accounts for the 
great range in time during which many genera of Echini 
have existed. If we examine the interlacing in the succes- 
sion of the genera characteristic of later geological epochs, 
we find it an impossibility to deny their continuity from the 
time of the Lias to the present day. The Cidaris of the Lias 
and the Rhabdocidaris of the Jura are the ancestors of the 
Cidaris of to-day. The Saleniz of the lower Chalk are those 
of the Saleniz of to-day. Acrosalenia extends from the | 
Lias to the lower Cretaceous, with a number of recent | 
genera, which begin at the Eocene. The Pygaster of to-day | 
dates back to the Lias; Echinocyamus and Fibularia com- 
mence with the Chalk. Pyrina extends from the lower Jura 
through the Eocene. The Echinobrissus of to-day dates back 
to the Jura. Holaster lived from the lower Chalk to the 
Miocene, and the Hemiaster of to-day cannot be distin- 
guished from the Hemiaster of the lower Cretaceous, 

Such descent we can trace, and trace as confidently as we 
trace a part of the population of North America of to-day as 
the descendants of some portion of the population of the 
beginning of thiscentury. But we can go no further with 
confidence, and bold indeed would he be who would at- 
tempt even in a single State to trace the genealogy of the 
inhabitants from those of ten years before. We had better 
acknowledge our inability to go beyond a certain point ; any- 
thing beyond the general parallelism I have attempted to 
trace, which in no way invalidates the other proposition, we 
must recognize as hopeless. 

But in spite of the limits which have been assigned to 
this general parallelism, it still remains an all-essential factor 
in elucidating the history of paleontological development, 
and its importance has but recently been fully appreciated. 
For, while the fossil remains may give us a strong presump- 
tive evidence of the gradual passage of one type to another, 
we can only imagine this modification to take place by a pro- 
cess similar to that which brings about the modifications due 











to different stages of growth,—the former taking place in what 
may practically be considered as infinite time when compared 
to the short life history which has given us as it were a 
résumé of the paleontological development. We may well 
pause to reflect that in the two modes of development we find 
the same periods of rapid modifications occurring at certain 
stages of growth or of historic development, repeating in a 
different direction the same phases. Does it then pass the 
limits of analogy to assume that the changes we see taking 
place under our own eyes in a comparatively short space of 
time,—changes which extend from stages representing per- 
haps the original type of the group to their most complicated 
structures,—may, perhaps, in the larger field of paleontolog- 
ical development, not have required the infinite time we are 
in the habit of asking for them ? 

Paleontologists have not been slow in following out the 
suggestive track, and those who have been anatomists and 
embryologists besides have not only entered into most in- 
teresting speculations regarding the origin of certain 
groups, but they have carried on the process still further, 
and have given us genealogical trees where we may, in the 
twigs and branches and main limbs and trunk, trace the 
complete filiation of a group as we know it to-day, and as 
it must theoretically have existed at various times to its 
very beginning. While we cannot but admire the boldness 
and ingenuity of these speculations upon genetic connec- 
tion so recklessly launched during the last fifteen years, we 
find that with but few exceptions there is little to recom- 
mend in reconstructions which shoot so wide of the facts 
as far as they are known, and seem so readily to ignore them. 
The moment we leave out of sight the actual succession of 
the fossils and the ascertainable tacts of post-embryonic de- 
velopment, to reconstruct our genealogy, we are building 
in the air. Ordinarily, the twigs of any genealogical tree 
have only a semblance of truth ; they lead us to branchlets 
having but a slight trace of probability, to branches where 
the imagination plays an important part, to main limbs 
where it is finally allowed full play, in order to solve with 
the trunk, to the satisfaction of the writer at least, the riddle 
of the origin of the group. It seems hardly credible that a 
school which boasts for its very creed a belief in nothing 
which is not warranted by common sense should descend 
to such trifling. : 

The time for genealogical trees is passed ; its futility can, 
perhaps, best be shown by a simple calculation, which will 
point out at a glance what these scientific arboriculturists 
are attempting. Let us take, for instance, the ten most 
characteristic features of Echini. The number of possible 
combinations which can be produced from them is so great 
that it would take no less than twenty years, at the rate of 
one new combination a minute for ten hours a day, to pass 
them in review. Remembering now that each one of these 
points of structure is itself undergoing constant modifica- 
tions, we may get some idea of the nature of the problem 
we are attempting to solve, when seeking to trace the gene- 
alogy as understood by the makers of genealogical trees. 
On the other hand, in spite of the millions of possible com- 
binations which these ten characters may assume when 
affecting not simply a singie combination, but all the com- 
binations which might arise from their extending over 
several hundred species, we yet find that the combinations 
which actually exist—those which leave their traces as fos- 
sils—fall immensely short of the possible number. We 
have, as I have stated, not more than twenty-three hundred 
species actually representing for the Echini the results of 
these endless combinations. Is it astonishing, therefore, 
that we should fail to discover the sequence of the genera, 
even if the genera, as is so often the case, represent, as it 
were, fixed embryonic stages of some Sea-urchin of the 
present day ? In fact, does not the very history of the fossils 
themselves show that we cannot expect this? Each fossil 
species, during its development, must have passed through 
stages analagous to those gone through by the Echini of 
the present day. Each one of these stages at every moment 
represents one of the possible combinations, and those 
which are actually preserved correspond only to the parti- 
cular period and the special combination which any Sea- 
urchin has reached. These stages are the true missing 
links, which we can no more expect to find preserved than 
we can expect to find a record of the actual embryonic de- 
velopment of the species of the present day without direct 
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observation at the time. The actual number of species in | 
any one group must always fall far short of the possible num- 
ber, and for this reason it is out of the question for us to 
attempt the solution of the problem of derivation, or to | 
hope for any solution beyond one within the most indefi- 


nite limits of correctness. If, when we take one of the 


most limited of the groups of the animal kingdom, we find | 


ourselves engaged in a hopeless task, what must be the 


prospect should we attack the problem of other classes or | 


groups of the animal kingdom, where the species run into 
the thousands, while they number only tens in the case we 
have attempted to follow out? Shall we say “ ignorabimus,” 
or “impavidi progrediamus” and valiantly chase a phan- 
tom we can never hope to seize? 


<r 





CHEMISTRY AS AN ART, AND CHEMISTRY 
AS A SCIENCE, 


By PRoFessor J. M. ORDWAY. 


Professor J. M. Ordway, of Boston, spoke of ‘‘ Chemis- 
try as an Art, and Chemistry asa Science,” comparing both, 
and pointing out some recent lines of advancement. The 
past year, he said, has been one of laborious activity in 
chemistry, but it has not been marked by any epoch-making 
discoveries. Meyer’s recent apparent resolution of the 
chlorine molecule has not, indeed, been verified by the 
carefully devised experiments of Crafts, but the latter does 
seemingly confirm the change of iodine by intense heat. 
The years 1879 and 1880 will rank hereafter as years in 
which Meyer found means to throw new light on the na- 
ture of the haloids. Twenty-four years ago Perkins sought 
for artificial quinine, and found instead a better than royal 
purple. Then, by various hands and in rapid succession, 
red and yellow and black and brown and blue dyes were 
brought out from what proved to be something more than 
Now the novelty is past, and the announcement 
of a new dye hardly creates a ripple of excitement. The 


aniline. 


twelve-year-old synthesis of alizarine has given us colors 
purer, brighter, faster and cheaper than those of the ob- 
solescent madder. Of late, wool has been provided for, 








and the extinction of cochineal plantations is threatened by | 


reds of surpassing brilliancy, durability and ease of appli- | 


cation. Baeyer has recently effected the synthesis of 
indigo, and tropical indigo fields may in time share the fate 
of the madder farms of France and Turkey. But indigo 
itself will not continue to satisfy our demand. We have 
become accustomed to hues of a delicacy and richness tha 
no one dared to dream of twenty-five years ago. The 
wsthetic taste of this generation has been too much pam- 
pered ; and dyers will soon call for something uniting the 
brilliancy of the aniline blues with the fixedness of indigo, 
and its adaptedness to wool and cotton. And Germany which 
has done the most in studying out these extraordinary col- 
ored compounds, now furnished the most of the industrial 
fruits of seemingly unpractical researches. Investigation 
costs, investigation pays; in more senses than one our 
science “ 
turning.” 


opens wide her everduring gates on golden hinges 


The passing years are bringing to light new eiementary 
bodies, and new metals are becoming like new asteroids, 
of too little mass to influence the orbits of other planets, 
Within five 
years fourteen new metals have called for recognition ; and 
in 1879 alone chemists have claimed the discovery of six. 


and too much out of sight to interest many. 


Of new alloys, manganesian copper is-worthy of regard, | years hence. 


since it may in a measure play the part for copper that 
spiegeleisen does for steel. 

In 1620 Bacon published the second part of his ‘‘ Novum 
Organum,” wherein he pointed out the way to appeal to na- 
ture by experiment, instead of deriving all science from 
the teaching of the ancients. But his methods had little 
immediate influence on the science of the time. He relied 
on induction ; and induction alone simply strings together 
dry bones. That perception of gcneral principles which 
makes science comes not altogether from the mere collation 
of facts. We need something more than eyes to see. 

The great chemist of two hundred and fifty years ago was 
Van Helmont. To him we owe the word gas, which he 
derived not from geist, but from chaos, as representing the 
original form of matter. When our forefathers were laying 
the foundations of this nation alchemy was in its dotage, 
and chemistry took its rise in a dim knowledge of the 
gases. The evolution of chemistry as a science was three- 
fold. First, the study of the gases, then the study of heat, 
then the study of combining weights. Consider how much 
of what we now know depends on the gases that Cavendish, 
Black, Scheele and Priestley revealed. The study of com- 
bustion, respiration, vegetable growth, organic decay, geo- 
logical transformation and hygiene involves the study of 
carbon dioxide. Carbon monoxide reduces the metals, 
and plays a part in the Bessemer process for making steel. 
The fuel of the future is to be coal resolved into a chaos of 
carbonic oxide and hydrogen. At the end of the last cen- 
tury Murdoch found a use for coal gas, and in its train 
came a host of secondary products having a marvellous 
effect on science and industry. A test came into chemistry 
when Beecher attempted to explain combustion. Vulcan 
of old made as good iron as the blacksmith requires to-day. 
As for quantity, Vulcan with all his Cyclops and the fires 
of tna could not produce as much in six days as the 
Cambria iron works turn out in six minutes. Glauber, 
with all his good sense, taught that the rays of the sun and 
stars shoot themselves into the earth, and finally became 
silver and gold. Perhaps he was a prophet, speaking in 
symbols which he understood not. Now we know that 
metallurgy does depend on the sun’s rays. The sunshine 
of the carboniferous period has been materialized into coal 
beds, and now attains perfection in a metal of more real 
value than gold. In the chemical study of heat, Berthelot’s 
recent work shows culminating progress, and is worthy of 
him who years ago almost created organic synthesis. After 
a review of some of the most abstruse speculations in theo- 
retical and physical chemistry, Professor Ordway went on 
to discuss the importance of biological chemistry. This 
branch is yet in its infancy, and has few to tenderly care 
for it. Most chemists prefer to take easier subjects, but 
the interest in it is increasing. The field is large and there 
is room for many laborers, Proximate organic analysis 
still remains undeveloped, and the world does not com- 
prehend the light that we already have. In fermentation, 
putrefaction, vitrification and zymotic diseases, life may 
intervene; but how much do we yet know as to what is 
cause and what is merely concomitant? It is pertinent to 
ask whether chemistry tends, as many think all physical 
science tends, to materialism? I believe no true science 
tends that way; it is the lack of liberal cultivation that 
leads to such dimness of vision. Materialism is no more 
prevalent now than among the Athenians, who had no phy- 
sical science. We hear much of the culture of that people, 
as if wzsthetics were the only science and floriculture the 
only culture. There is much in the training of the chemist 


| to foster a wholesome skepticism and just intolerance ; 


intolerance of human pride and skepticism of airy theories. 
In chemical practice the constant appeal to sensible tests 
and the precision of the balance checks reliance on hasty 
assumptions. The chemist soon learns that exact truthful- 
ness in others and rigid honesty in himself lie at the very 
foundation of science and real knowledge; and he looks 
on laxity in experiment or statement as the unpardonable 
sin. No other subject is so well calculated to impress one 
with the idea that theories are but the changeable dress of 
science. We all wonder what will become of the atomic 
theory itself when its centennial comes round twenty-seven 





150 





SPECTROSCOPIC NOTES ON OBSERVATIONS— 
CHIEFLY SOLAR—1879-80. 


By Pror. C. A. YOUNG, of Princeton, N. J. 


(a) The magnesium lines of the 4 group and the sodium 
lines have been seen several times (first on June 5, T880) 
doubly-reversed in the chromosphere spectrum—~. ¢. a bright 
line appeared as usual in the centre of the broad dark 
shade, and then this bright line widened and a thin dark 
line appeared in its centre. 
the exact correlative of the double-reversal of the bright 
sodium lines observable in the flame of a Bunsen burner 
under certain circumstances. 


(4) I have recently been able to repeat the observations 
on the H lines first made at Sherman in 1872. In the spec- 
trum of the chromosphere I find both H,, and Ha, (or K, as 
some call He) to be a/ways reversed ; and what is more, H, 
is double, the principal line, which is in the centre of the 
dark shade, being accompanied by another of about half 
the strength, one division of Angstrom’s scale lower—, e. 
less refrangible. Since last March I have always been able 
to observe the two H’s whenever I could see h, and H, 
invariably doubie. 

In the neighborhood of sun spots however, though both 
H and K are usually reversed on the solar disc, H; is not 
double ; its attendant line therefore belongs strictly to the 
spectrum of the chromosphere, and seems to be identical 
with No. 271 of my catalogue of chromosphere lines, 
though its wave length is about 3969 instead of 3970. 

The observations were made with grating of 17,280 lines 
to inch; collimator and telescope 12-inch focus. 


(c) A high dispersion spectoscope has been constructed 
by combining the above-mentioned grating, having nearly 
four square inches of ruled surface, with collimator and 
telescope of 3 inches aperture and 42 inches focus, the 
magnifying power employed varying from 50 to 200, The 
apparatus is strapped to the tube of the equatorial, and 
thus kept directed to the sun, an image of which is formed 
on the slit by an anachromatic lens of 3 inches aperture. 

The performance of the grating is admirable when per- 
fectly flat—a force of 14 oz. applied at one corner is how- 
ever sufficient to distort the plate (of speculum metal) 34 
inch thick by about 3% inches square, to an extent which 
seriously impairs the definition ; it is sensitive to such dis- 
tortions to a degree entirely unexpected. This instrument 
doubles an enormous number of the Fraunhofer lines. 
Out of 47 lines between C and G marked by Thalen as 
common to the spectra of two or more bodies, 38 are double 
or triple, 3 are doubtful (from difficulty of identification), 
and 6 only are single so far as the instrument can show, 


(2) Distortion of solar prominences by a diffraction 
spectroscope. Generally, in such an instrument, the forms 
seen through the opened slit are either disproportionately 
extended or compressed along the line of dispersion. If 
the angle between the normal to the grating and the view- 
telescope is /ess than that between the normal and the 
collimator, there will be compression or flattening, and 
vice versa, The mathematical investigation is very sim- 
ple— 


Let 


n be the order of the spectrum observed. 
Let 


A be the order of the wave length of the ray. 

Let S be the distance between adjacent lines of grating. 

Let 7 be the angle between normal to grating and tele- 
scope. 

Let « be the angle between normal to grating and collima- 
tor, and finally a=7+x=angle between telescope and 
collimator, which is supposed constant. Then from the 


fundamental conditions of spectrum formation n/=S (Sin, 
, ' Pics s. 
7—Sin. «) or Sin. r= +Sin. k, whence dr © : dx, or 
s 0S. 7 


(Cos. a+Sin. a Tan. tr) dx, whence, in general, dr will not 
equal dk. 


Special cases— 
1. If k=7, there is no distortion—but also no dispersion ; 
it is the case of simple reflection. 


2. If k=o, grating being kept normal to the collimator, 
then §=Sec. a dk. 


The phenomenon seems to be | 
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3. If =o, grating being kept normal to the telescope 
and moving with it, then drT=Cos, a dk. 

4. If a=go° dr=Tan. 7 dk. 

5. If w=o, dtr=dk and there is no distortion. This is 
possible only by using the same tube both for collimator 
and view-telescope, the grating being slightly inclined. 
The principal difficulty with this form of instrument lies in 
the reflections from the surface of the object glass, which, 
it is hoped, may be avoided by a special construction of 
the lens. An instrument on this plan is in process of con- 
struction by the Clarks, for the Physical Laboratory at 
Princeton, and nearly completed. 

~~. 


ON THE THERMO-ELECTRIC ELECTRO-MO- 
TIVE POWER OF FE. AND PT. IN VACUO. 


By Pror. C. A. YOUNG, of Princeton, N. J. 


Eisner, a few months ago, published a paper asserting 
that the thermo-electric power of Antimony and Bismuth 
is destroyed by removing them from all contact with oxy- 
gen, and inserting them in an atmosphere of pure nitrogen. 
From this he argues that the thermo-electric force in gen- 
eral is due to the contact of the gases which bathe the 
metals. The following experiment was tried to test the 
theory. 

By the kindness of Mr. Edison and Mr. Upton a vacuum 
tube was prepared in Mr. Edison’s laboratory, containing 
an iron wire, about 2 inches long, firmly joined to two 
platinum terminals which passed through the walls of the 
tube; the tube was exhausted until a 2-inch induction coil 
spark would not pass } of an inch in the gauge-tube, indi- 
cating a residual atmosphere of about one-millionth. The 
wire was heated too in candescence during the exhaustion, 
in order to drive off any possible occluded gases. The 
platinum wires outside the tube were joined to iron wires, 
the joinings being covered by glass tubes slipped over 
them, and a sensitive reflecting galvanometer was included 
in the circuit. By laying the tube and connected joinings 
in the sunshine, and alternately shading one or several of 
the joinings, it was found that the electro motive power of 
the joinings within the tube was precisely the same as that 
of those without, and the development of current just as 
rapid. There was no trace of any modification due to the 
exhaustion. 





ON THE ABSOLUTE INVISIBILITY OF ATOMS 
AND MOLECULES. 
By Pror. A, E. DOLBEAR. 


Maxwell gives the diameter of an atom of hydrogen to be 
such that two millions of them in a row would measure a 
millimeter, but under ordinary physical conditions most 
atoms are combined with other atoms to form molecules, 
and such combinations are of all degrees of complexity ; 
thus a molecule of water contains three atoms, a molecule 
of alum about one hundred, while a molecule of albumen, 
according to Mulder, contains nine hundred atoms, and 
there is no reason to suppose albumen to be the most com- 
plex of all molecular compouuds. When atoms are thus 
combined it is fair to assume that they are arranged in the 


| three dimensions of space, and that the diameter of the 


molecule will be approximately as the cube root of the 
number of atoms it contains, so that a molecule of alum 
will be equal to 

3 Anon 2 

(W100 = 4.64) 2000000 = 431000 — 
and a molecule containing a thousand atoms will have 
a diameter of shou suedee~ mm. Now a good micro- 
scope, will enable a skilled observer to identify an object so 
small as the jj; mm. Beale in his works on the micro- 
scope pictures some fungi as minute as that, and Nobert’s 
test bands and the markings upon the Amphiplura peluc- 
ida, which are of about the same degree of fineness, are easily 
resolved by good lenses. If thus the efficiency of the mi- 
croscope could be increased fifty times (°"/%=50) it 
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would be sufficient to enable one to see a molecule of al- 


| 


bumen, or if its power could be increased one hundred | 


and seven times it would enable one to see a molecule of 
alum. 

Now Helmholtz has pointed out the probability that inter- 
ference will limit the visibility of small objects ; but sup- 
pose that there should be no difficulty from that source, 
there are two other conditions which will absolutely 
prevent us from ever seeing the molecule. 


1st. Their motions. A free gaseous molecule of hydrogen 
at the temperature of O’C., anda pressure of 760 mm. 
mercury, has a free path about 7 j}j; mm. in length, its 
velocity in this free path being 1860 m. per second or more 
than a mile, while its direction of movement is changed 
millions of times per second. Inasmuch as only a glimpse of 


THE KAMES OR ESKARS OF MAINE, 
By GEo. H. STONE, Kent's Hill, Me. 





This paper is accompanied by a map showing the courses 
of the larger Kame-systems of Maine. Omitting short, 
isolated ridges of gravel, the map shows thirty distinct 
systems of Kame gravels, varying from five to one hundred 


| and fifty miles in length. The total length of Kames and 


Kame-plains thus far mapped is about 2000 miles. The 


| map is the result of amateur explorations made at intervals 


an object moving no faster than one millimeter per second | 


can be had, for the movements are magnified as well as the 


molecule can never be seen, not even glimpsed. But sup- 
pose such a molecule could be caught and held in the field 
so it should have no free path. It still has a vibratory 
motion which constitutes its temperature. The vibratory 
movement is measured by the number of undulations it sets 
up in the ether per second, and will average five thousand 
millions of millions, a motion which would make the space 
occupied by the molecule visibly transparent, that is it 
could not be seen. This is true for liquids and solids. 
Mr. D.N. Hodges finds the path of a molecule of water at 
its surface to be .0000024 mm., and though it is still much 
less in a solid it must still be much too great for observation. 


2d. They are transparent. The rays of the sun stream 
through the atmosphere, and the latter is not perceptibly 
heated by them as it would be if absorption took place in 
it. The air is heated by conduction, contact with the 


earth, which has absorbed and transformed the energy of | lakelets. 3. The solid or continuous plains, which are 


ber of rays absorbed is small when compared with the | broad, flat-topped ridges, showing few or no signs of separ- 


the rays. When selective absorption takes place the num- 


whole number presented, so that practically the separate 
molecules would be too transparent to be seen, though 
their magnitude and motions were not absolute hindrances. 


<> 


ON THE AURORA AND ZODIACAL LIGHT OF 
MAY 2, 1877. 
By HENRY C. LEwISs. 





A simultaneous appearance of an aurora and the zodi- 
acal light appeared on this evening, and a comparison be- 
tween them is here given. The various changes of the au- 
rora are given in detail. A remarkable feature was the 
formation of a bright streamer which maintained its posi- 
tion relative to the earth for nearly an hour. Meanwhile, 
the Zodiacal Cone, which was bright early in the evening 
had moved past the streamer and passed below the hori- 
zon. The streamer had remained, like the great pointer, 
fixed to the earth, and marking its motion, while the 
heavens revolved past it. This fact was conclusive evi- 
dence of the terrestrial character of the aurora and of the 
cosmical character of the zodiacal light. Another fact 
leading to the same conclusion was the character of their 
spectra. That of the zodiacal light was continuous, and 
that of the aurora was a line-spectrum—the former is such 
as would be given by sunlight reflected from matter in 
space ; the latter would te given by an electric discharge 
through a gas. 


a te 


OBSERVATIONS ON BRACHIOPODS. 
By Pror. Epw. S. MORSE. 


Mr. Morse gave the anatomical details of some Brachio- 
pods he had studied in Japan, and described the existence 
of a curious parasitic worm in a large species of Lingula. 
He also gave further facts regarding the so-called hearts of 
certain brachiopods, and expressed his belief that they were 
glands of some kind connected with the reproductive 
organs, 


during the past four years. 
The paper discusses the following points regarding the 
Kames : 
1. Kame drift compared with glacial drift. 
The facts show that Kame material has in general been 
transported farther than the morainal material which was 


‘ : Ras? | originally derived from the same locality. 
object itself, it will be at once seen that a free gaseous | 


2. The Kame streams. 

The Kames were deposited by currents flowing length- 
wise of their courses, and in all but four undecided cases 
the currents flowed southwards. The Kame streams re- 
sembled sub-zrial rivers in their meanderings, their 
branches, and in all other respects. All the long systems 
in the State are much higher at their northern than at their 
southern ends. The water of these rivers is shown to have 
flowed faster on long down slopes than on up slopes. 
There is strong reason to believe that most of the water of 


| the melting glacier escaped by superficial channels, unless 


near the terminal moraine. Except near the coast there 
are in Maine almost no signs of sub-glacial streams. 


The external forms of Kames. 
a 


1. The single ridge. 2. Reticulated plains, composed of 
a series of reticulated ridges with enclosed funnels or 


ate ridges, and often of great height. 


4. The internal structure of Kames. 
Kames are of two kinds—1r. The stratified Kame, which 
is the more common type. 2. The pell-mell Kame. 
The same Kame may be stratified in one part of its 
course and pell-mell in another. 


5. Action of the sea upon the Kames, 

During the Champlain period the sea stood at a height, 
in the central parts of Maine, about 300 or 350 feet above 
the present sea level. The Kames are plainly overlain by 
the marine clays, and the sea greatly modified their form. 
The difference between the Kame that has been under the 
sea and that which has not is often very great, and conclu- 
sively proves that the Kames proper cannot have been a 
marine deposit. 

6. Topographical relations of the Kames. 

No general law of relationship between the Kames and 
the relief forms of the land can be derived from local ob- 
servations, for there are many purely local relationships. 
The only invariable rule thus far established is that the 
Kames never cross hills more than about 200 feet higher 
than the country lying to the northward. Maine is trav- 
ersed by numerous ranges of hills trending eastward or 
northeastward, and the Kame systems never cross the high 
ranges except by low passes. Low hills they cross freely. 
The inference of the writer is that the Kames were depos- 
ited when the glacier was so far melted that the higher hills 
rose above the ice surface, and hence the only escape for 
the waters southward was by the low passes. 


7. Distribution of the Kames. 


A line joining the northern extremities of the Kames is 
nearly a straight line; it trends nearly northeast and is 
roughly parallel with the coast. North and west of this 
line there are occasional short ridges of Kame origin, but 
no long systems have yet been discovered. 





(The publication of papers read before the recent 
meetings of the American Association for the Advance- 
ment of Science will be continued in our next number.— 
ED.) 
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MOUNTAIN SITES FOR ASTRONOMICAL OB- 
SERVATIONS.* 
By PROFESSOR O. STONE. 


The question of employing mountain sites for Astron- 
omical Observations is one of considerable importance, 
and two papers, recently published, add materially to the 
meagre literature on this subject. The first of these is a 
report of a series of observations on Mt. AZtna made by 
Professor Langley during a visit to Europe in the winter 
of 1878. 

The lower portion of Mt. A£tna is described as densely 
inhabited and covered with rich vegetation. At an ele- 
vation of about 2000 feet, however, this suddenly ceases, 
and above this, with the exception of a few uninhabited 
plantations of chestnut trees which extend to an altitude 
of 4000 or 5000 feet, there exist only wastes of lava. 
At an elevation of some 4200 feet a station was estab- 
lished in a hut built of lava, known as ‘Casa del 
Bosco.” 

Professor Langley remained upon the mountain from 
Christmas until January 14. His instruments consisted 
of a 3% inch telescope loaned by the superintendent of 
the U. S. Naval Observatory and a spectroscope provided 
with a Rutherford speculum metal grating of 17,296 lines 
to the inch, and with collimating and observing telescopes 
of 1.1 inch aperture and 14 inches focal length. 

On clear nights, at ordinary elevations, Professor 
Langley does not recognize steadily more than six stars 
in the Pleiades, and on an ordinary clear night at Alle- 
gheny he cannot steadily see the companion of Polaris 
with less than two inches aperture. On Mt. tna, how- 
ever, he could see steadily, notwithstanding the moon- 
light, nine stars of the Pleiades, with the naked eye, the 
companion of Polaris, with an aperture of 1.6 inch and 
11m. companions of 3 Leporis and « Tauri, and ¢ and o 
Orionis with 3% inch. From this he concludes that 
stars of about two thirds the brightness of those visible 
in England under like telescopic power can be seen on 
Etna at the elevation of Casa del Bosco. As far as 
transparency was concerned, a noticable advantage over 
stations at a lower altitude was also shown by observa- 
tions of the sun. 

The results in regard to steadiness of definition were 
not so satisfactory. Although there was probably less 
tremor in the stars as seen trom Mt. AZtna than would 
have been the case at a lower station, the difference was 
not great. 

The other paper referred to is the report of Mr. Burn- 
ham to the Trustees of the “ James Lick Trust”? of Ob- 
servations made on Mt. Hamilton with reference to the 
location of the Lick Observatory. 

Mt. Hamilton seems to have been first suggested as a 
site for the observatory by Professor Holden in 1874, and 
afterwards approved by Professor Newcomb. The ele- 
vation of the summit is 4250 feet, or only a little greater 
than that of Professor Langley’s station at Casa del Bos- 


co. Onthis summit Mr. Burnham erected a tempcrary . 


observatory in which was mounted the magnificent six 
inch Clark refractor, with which nearly all his double star 
discoveries had been made. It was equatorially mounted 
with circles and driving clock. The eye-pieces gave 
powers up to 400. In addition, a set of meteorological 
instruments were employed. 

Mr. Burnham remained upon Mt. Hamilton just 60 
days, from August 17 to October 16, with the exception 
of three days, September 21-23, spent in San Francisco. 
As the seeing was first class for the 14 nights imme- 
diately preceeding the 3 days he was absent, it is fair to 
presume the same conditions continued. During the 





*Observations on Mount Etna, by S. P. Langley. Fromthe American 
Journal of Science, Vol. XIX, July, 1880. 

Report to the Trustees of the ‘‘ James Lick Trust,”’ of Observations 
made on Mt. Hamilton with reference to the location of Lick Observatory ; 
by S. W. Burnham, Chicago, 1880, 





whole time only 11 nights were cloudy or foggy, and of 
the remaining nights there were 42 when the seeing was 
jirst class and 7 when it! was medium, and o poor 
nights when the sky was clear. Besides obtaining re- 
markable results in the examination of delicate test ob- 
jects, a search was made for new doubles, and at the 
close of the report Mr. Burnham gives a catelogue with 
observations of 42 such objects, 10 of which have a dis- 
tance of less than 1... A great many objects were ex- 
amined by daylight but the air, during the greater part 
of the day at least, appeared to be no steadier than would 
be ordinarily found elsewhere. 

In conclusion, Mr. Burnham says: ‘So far as one may 
judge from the time during which these observations 
were made, there can be no doubt that Mt. Hamilton 
offers advantages superior to those found at any point 
where a permenent observatory has been established. 
* * %* # %& * The ease with which close pairs can 
be seen, almost down to the horizon, will be apparent 
from the southern declination of many of the new double 
stars. * * * * Close pairs can be observed at least 
down to 42° south declination. * * = #* = 

“What has been said about the advantages of Mt. 
Hamilton for astronomical purposes, is of course, based 
upon what was seen during the time spent on the moun- 
tain. This was my first visit to the Pacific coast, and 
hence I have no personal knowledge concerning other 
seasons of the year. From inquiries in various quarters 
I am satisfied there was nothing about this season un- 
usual, and there seems to be every reason for supposing, 
as the same cloudless sky and dry air prevails from 
about March until the commencement of the rainy sea- 
son, near the close of the year, that the whole of this in- 
terval would be equally favorable for the use of the 
telescope.’ 

One of the most remarkable and interesting conditions 
observed was the dryness of the atmosphere. The aver- 
age difference between the wet and dry bulb thermome- 
ters was 18°.4 during the first five weeks of Mr. Burn- 
ham’s residence on Mt. Hamilton and every night was 
first class when this difference reached 15° and upwards. 

Notwithstanding, however, the advantages of a moun- 
tain site tor an observatory, there are many drawbacks. 
Even the loneliness of the situation is a disadvantage to 
the greatest activity. Taking everything into considera- 
tion, therefore, probably as favorable a location as any 
for the next great American observatory is to be found 
on the plateaus of Colorado. 


a 


We have received the following publications from the 
U. S. Department of the Interior (Bureau of Education). 

THE INDIAN SCHOOL AT CARLISLE BARRACKS which 
acquaints educators and school officials with the interesting 
experiments of training Indian children in the knowledge 
and usages of civilized life, in progress during the past 
eight months at Carlisle Barracks. 

VACATION COLONIES FOR SICKLY SCHOOL CHILDREN 
This subject has for some time received the attention of 
this department, and as early as 1872 papers by that dis- 
tinguished and benevolent physician, J. M. Toner, M. D., 
of Washington, were published, advocating free camping 
grounds or parks, where poor children and their parents 
could lodge during the excessive heat of summer. 

PROGRESS OF WESTERN EDUCATION IN CHINA AND SIAM. 
This is an interesting account of the progress of Western 
ideas and educational methods in China and Siam, for- 
warded to the department by the United States Minister at 
Peking, and the United States Consul at Bangkok. 

LEGAL RIGHTS OF CHILDREN. This is an elaborate report 
covering nearly a hundred pages, and treats of the rights of 
children in the various States of the Union, including edu- 
cation, and also a comparative view of the systems of edu- 
cation in the different States established to give force and 
effect to those rights, and thus assure the welfare of the 
individual and the State, 
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